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Abstract 
 This paper proposes a flexible compact bowtie antenna for medical application that operates at 
2.45 GHz. The proposed antennas are miniaturized using meander technique. Both substrates and 
conducting material of the antenna are made of flexible material semi-transparent film as the substrate and 
shieldit fabric as the conducting material which suitable for wearable and on body application. The results 
show that the total length of the antenna is significantly reduced by up to 38%. However, the gain of the 
antenna is slightly decreased when the size of the antenna become smaller. The results of this research 
could provide guidance and has significant implication for future development of wearable electronics 
especially in medical monitoring application. 
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1. Introduction 
In recent years, the wearable antenna has become an attractive research area to its 
persistent in medical monitoring applications [1-7]. The application of wearable antenna 
especially in medical industry has to be low-profile, robust, light-weight, compact geometry, 
flexible and convenient to wear [8-10]. Since the antenna in medical industry is operated in 
close proximity or directly attached to the human body, a compact design of antenna geometry 
must be taken into consideration. Thus, the antenna will be easier to be mounted on human 
body at various positions. However, designing a compact wearable antenna is still a challenge 
to the researchers in order to sustain its performance.  
Various techniques have been used in the past research in order to design a compact 
antenna including defected ground structure [11]. Researches in [12-13] show that the 
introduction of meander line into the monopole antenna can significantly reduced the total length 
of the straight dipole antenna. Therefore, this research proposed to use this technique into 
bowtie antenna for miniaturization purpose. Besides that, a suitable material for substrate is 
crucial in order to develop the flexible antenna and choosing a suitable conducting material is 
also important to prevent even a minor crack on the radiating element which may result in 
performance degradation. Semi-transparent film is proposed to be used as the substrate. The 
proposed substrate material is easy to attach to the human skin and does not limit the possible 
antenna placements on the human body. 
 
 
2. Research Method 
Bowtie antenna is choosen as the radiation source in this paper. This is due to the 
simple structure and ease of fabrication. Besides, bowtie antenna has an omnidirectional 
pattern which is suitable to be used for wearable and monitoring application [14]. The geometry 
of the conventional bowtie antennas and meandered bowtie antenna are illustrated in Figure 1 
and  
Figure 2 respectively.  Both conventional and meandered bowtie antennas are design 
on flexible semi-transparent film (relative permittivity, εr = 2.1373, loss tangent, tan  = 0.0024) 
as a substrates whilst the radiating element is made of shieldit fabric (conductivity, σ = 100 S/m, 
surface resistivity, ρ = 0.01 Ω/m). This material is choosen due to its reliability to be used up to 
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several times without affecting the antenna performance [15]. The dimension of conventional 
bowtie antenna can be obtained by using equation 1 [16]: 
 
where l  is the total length of the bowtie antenna, λ0 is the wavelength is the air, and εeff is the 
effective dielectric constant. In order to determine the value of εeff, similar equation used in 
previous research [16] is applied. Besides that, the input impendence (Zin) of the antenna can 
be calculated using equation (2) where α is the flare angle of the antenna.  
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In order to design a compact bowtie antenna, a meandering technique is applied to the 
conventional bowtie design. By referring to  
Figure 2, ml  is the total length while mw  is the width of the meandered bowtie antenna, 
and n is the number of meander arms. In this paper, n is varied from 0 to 3 where n=0 is a 
conventional bowtie design and n=1, 2, 3 is the number of meandered arms. 
 
 
 
The dimension of the meandered bowtie antenna is optimized in order to make sure the 
antenna resonates at 2.45 GHz. The configuration of the bowtie antenna for n = 0, 1, 2, 3 are 
illustrated in Figure 3.  
 
 
 
 
 
n=0 n=1 
  
 
 
 
n=2 n=3 
  
Figure 3. Dimension of conventional bowtie antenna and meander bowtie antenna operated at 
2.45 GHz. All dimensions are measured in mm 
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Figure 1. Conventional bowtie antenna design 
 
Figure 2. Geometry of meander bowtie 
antenna 
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3.    Results and Analysis 
3.1. Return Loss of the Proposed Meander Bowtie Antenna 
Figure 4 represents a clear comparison between simulated and measured reflection 
coefficient for conventional bowtie antenna. The results show a reasonable agreement between 
simulation and measurement. The measured reflection coefficient has a return loss depth  
of -17 dB at 2.4 GHz. The discrepancies between simulated and measured results are expected 
due to the dissimilarity between simulated and fabricated prototype.  
Besides, Figure 5 depicts the return loss of the meander bowtie antenna. Although 
there were variations between conventional bowtie and meandered bowtie, the results 
presented in Figure 5 show that the meander bowtie antenna able to cover the desired ISM 
frequency (2.45 GHz) with the return loss below than 10 dB. This is due to the effect of 
additional capacitance and inductance value between each mandering turns [17]. The antenna 
impedance matching can be improved using several techniques such as parallel matching stub, 
reactive network or impedance transformer.  
Table 1 delineates the percentage of size reduction of meander bowtie antenna 
compared to conventional bowtie antenna. Based on the result summarized in Table 1, we 
observed that the total length, l  of the conventional antenna can be reduced by using 
meandering technique. In this paper, we found that the total length of the antenna can be 
reduced up to 38.4 % for n=3. 
 
 
 
 
Figure 4. Measured and Simulated Reflection Coefficient of Conventional Bowtie Antenna.  
 
 
 
 
Figure 5. Reflection Coefficient of Proposed Antenna. n Represents the Number of Meander 
Arms 
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Table 1. Percentage of Length Reduction of Each Meander Antenna Compared to 
Conventional Antenna 
No. of meander arms n=1 n=2 n=3 
Percentage of length 
reduction  % 
34.0 % 35.6 % 38.4 % 
 
 
3.2. Analysis on Current Distribution 
Current distribution represents the current flow in the conducting area of the antenna. 
Figure 6 depicts the surface current distribution for conventional bowtie antenna and meandered 
bowtie antenna which used flexible semi-transparent film as the substrate. From Figure 6, 
higher surface current density is only concentrated at the center of the antenna for conventional 
bowtie antenna while the surface current distributed along the meander line for meandered 
bowtie antenna. These results show that the meander bowtie antenna has larger surface current 
path (larger electrical length) compared to the conventional bowtie antenna. Thus, the total 
length of meandered antenna is reduced. This results agreed well as the results  
published in [18].  
 
 
 
 
 
n=0 n=1 
 
 
n=2 n=3  
 
Figure 6. Surface Current Density at 2.45 GHz of Bowtie Antenna for n=0,1,2,3 
 
 
3.3. Simulated Gain and Efficiency of the Mander Bowtie Antenna 
Table 2 tabulates the simulated gain for conventional bowtie antenna and meander 
bowtie antenna. The results show that the antenna gain is decreased when the total length of 
the antenna is reduced. However, high gain antenna is essential in order to obtain high 
efficiency and high directivity antenna. Thus, lead to minimal loss in data transmission. The 
relation between gain and efficiency is discussed in [19]. Besides, the total efficiency of each 
antenna is also presented in Table 2. The meander bowtie antenna has a total efficiency of at 
least 88 %.  
 
 
Table 2. Simulated Gain and Efficiency of Conventional Bowtie and Meander Bowtie Antenna at 
2.45 GHz. 
No. of meander arm n=0 n=1 n=2 n=3 
Bow-tie 
antenna 
Gain (dB) 1.568 1.473 1.490 1.477 
Efficiency (%) 98 88 89 89 
 
 
4. Conclusion 
In this paper, a compact bowtie antenna is design using meander technique for 
miniaturization purpose.  The results presented in this paper show that the total length of the 
bow-tie antenna can be reduced by the introduction of a meander line into the bowtie shape 
antenna. The proposed antenna is design to operate at 2.45 GHz and the total length of the 
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proposed antenna is reduced up to 38 % compare to the total length of the conventional bowtie 
antenna. However, the return loss of the antenna decreases when designing the miniature 
antenna. Therefore, an optimization method will be done in latter study in order to improve the 
antenna performance. 
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